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(54) TRANSDUCER DRIVE UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transducer drive unit 
capable of reducing feedback loops in the drive unit to prevent the 
disturbance from interference of each feedback. 
SOLUTION: For an input signal Vs of a temperature sensor 33, the 
unit uses a function circuit 30 to simulate the temperature 
characteristics of an internal impedance contained in a piezoelectric 
vibrator 1 , and then generates a drive signal SD based on this 
simulation result so as to drive the piezoelectric vibrator 1 at a 
constant output amplitude even if any temperature change occurs. 
Thus feedback loops can be reduced without requiring use of AGO 
circuit allowing an easier control of disturbance, etc. 
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[«Fffftt#:<E>iEia] 

[IS*3S 1 1 V 4 — y * MWlz J: 9 MtblEK £ ^ 

^iss»^oja«<7)aff*«ffit-5ia*-fe>*i:. tuts 

6 fe»r*OfMP«* 
iSJgl ^ctD ? S2O0K^^ib45sf^llE«cOS§ 

[is*js 3 ] BfjiaiB i & vir 2 (omffite, i 

NPNS(Oi l<DVy t PNPl^$2W h 9 

iXf*JB2coaE*m/=EJIIl3&s»jKStL, ffc#G> N^v** 
* co a u * * tt«aSt-S!Ji« JtiTl^tW 

[»*«4] Sutami «>EIR*5J:W/*fcttKS2©0 
B#'>*< fcfc l£Jl±K*te>nrv^5«**2XW:3|B 

[n**5] MCHIfclilBK*!* * 

fita-ra tuts 1 jwniiasffrt) suf ^5«a 

**dtBSi-S«lE*:*^S*l*5J:t/IK2fl!)*!II«JEjK 

»E»ffi#«©— »fcl»IEllll*J:t/fB2 0*!i« 
l *3J:V»2 0ll»i»(B«fB 

[»*3S 6 ] mjfS^ 1 (DM»it*Bffi^-:&<& A;ft*(5K 

<bn-c*5*K ButE^2(7)M»)tiiiiia5o--^(7)A^^(^ 

ft. *2<0»«JEai[dS«ttSiX, flfe^A^fflSKHUlE 50 
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[»** 7 ] Mis^ i (DmrnmEUte xvm 2 cohkj 

[0 0 0 1 ] 

[0002] 

[0 0 0 3] fiSbSi^-Vf 

[0 0 0 4] S*HAGC (i»flJ#»J«P) (Hi 

[0 0 0 5] Lt^U tgftv 5 ^^ n(^gfb^co|g»Il]K 
ga^fi^P L L#Jt»^<^»i»MWS:fTorJE« 

[0006] ^:t% mm^(oum^n-r^>^( ^^°—y 

If^-CaK^-^igKl-r^C AGC[H]g§2:<£/Si-£ 

[0 0 0 7] E 1 0 tt, ^*co^^c[ElS&co«^^^-r[H] 
&«fiJcEU Ell Kill 0{C7r;i-[H3^<7)Atii^^tilllT' 

[0 0 0 8] mi Olc^ixSBIiSlHlSgf*, 3^coSfei 
Rl, R2, R3, 2^^t-KDl, D2joJ:t/ 

2ooiJiiiE»vi, v 2 kfrbmf&ztix\,^z>o m 



1 b&W.filSto£tls ffilftR 3, ^t-KDlfc 

fitR 2MR 3KHS8lR 1 !6S»ttSnT*3l9, MIEffifei 
R 1 A*» I Nt?fcO > ffc^O^ (SM* 

95) ^BB*EI»<7)ttJ*«ISOUTi:ftorv^. ^ 
>f tf— KD 1 t KD 2 fcttaefij#<Z>Bfl«fc*> 

[v]"C*>0, PHElV2^3lv]^5 0 
[0 0 0 9]ill ^*-i-Affl^«M4H«:, «*fc*A* 

as in, ■f4t>*>ta*-fe>'*3d»fe«5A*fB-§-v s , 
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t t>KO[v]- 5[v]03ffiffl£^LTl^5o 111(1^ 
1-J:5^ fit ir >t 3 O A^ff f V s l/^uSr^^ 

ttwi-spflrraas, s*ieiv2 o[v]) t&xxtv 
3 (2[v]> </)aff^iEft^a t p-emtitih&y* ±fc 

£LTtt:2. 5[v] (Vcc/2) Srif^t-rSKS** 

[0010] r^^, H 1 0 {^^i-voutfijfc^-e* 

10 EE-CfoSo 

[001 1 1 
[fti] 



•***BB*BIISOttJ*»OU T<OtUA«EVoutT*> 0 , 

Vs^V14-Vd (^Jfi^c) (Di$, 

Vout=R2/ (R1+R2) X (Vs-Vl-Vd) +Vl+Vd 

[0012] [0013] 

[ft 2] [»3] 
VbSV2-V<I <Ok$, 

Vout=Rl/ (R1+R3) X (V2-Vd-Vs) +Vs 
Vout= V s 



[0 0 14] ClOj;?^ ±ISB8ftlU»S:ffiffli-5 t, 
«#<£>Sfc5 2o<7> l JfciMlSriggtttlcottJf § 2 o(7) 

*fci«»«feJ:Vffi:»*Oiejft<o«#*agL (R 

[0015] 812 tt«3K(Ote<DBB«lH]B(D*^S:^-t- 
lelK»fiei2, 113(111 2^*-rH*lHlB<DAffl*«r 

[0 0 16] 11 2 ^Tfk-t BBftHIBtt, £<b LtNPN 
Sco h^y^^Qi i: PNPS^ h7>v ? ^^Q2i: 
^?)45Sl(OlElBt, PNPlOh7^^Q3t 
N P NMCD h 7 V ^Q4^f)4S«2 t X*m 

dt^ntv^o BufE^l <D[e]BT*ti h7^'^^Q 1 ^ 
^<-**B^£ h7^^Q2^x^ vfm+h&WML 

^7^^^Q4Wx; ^^^<!r^t^tirv^ 0 
Sth7y^^Q l(Dx> y^BST-i: h7V^^Q 

(R2 = R3) "CSEIKSiX, r^^PlCtSRl 

©te*OfiB«tt. MS-fe>1f3C0A^m^V s 
tl5A^S^- I Ni £nTV^ 0 £fc, F7>^^Q 
2^-^»^^ttS*«jEEjRV 1 (2[v]) 3^ h7 
>-v ; ^^Q4(D-<-^^^fiS*miE^V 2 (3 
[v]) #«L*ftBJJn3*bTV*6. fc*5, IffiK&MKffiP 
1 teffi^OUT^JftfeTV^o 



[0017] 112 C^titlElSStl^ h7^^^ 

q 2^-<-^*T-^mi± (3[v]j ^an-s^s 

E, f/^^h^y^^Ql^-^lW, h7^ 
i?x?Q 2 60-<— . x^; s/*H]«JEVbe#rtfttiftV^ 

2 60 -<—^ • y ^Pfl«ffiVbet. b^y^^^ 
Q 1 <£f<— * • ^ y??Hn&Vbeb&1feWL^0 o «t 

ot, • x^; ^^F H 1IJ±Vbe^M«L 

TtRh7^^Ql, Q2^Vbe^p]i:j;5 4#l^ 

i/*?Q 2 <D<<>— *iJ$5^-<Dm>!± t F7>^^Q 1 <£>^l 
5 y^*^«£Ei:«rH!«ffitcK3tSnSo tit, 
mtl-Xmi 3 iZTfk-t- £ 0 2 . 5[v] (Vcc/2) 

2 [v]*3«fctf3 [ v]co^^-etfTixft^^^s^ 

[0018] 
[&4] 

Vout=Rl / (RI+R3) x (V2-Vs) + Vs 
[0019] 

{%k 5 ] 

Vout=R2/ (R1+R2) x (Vs-Vl) +V1 
50 [0 0 2 0] 
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[«6] 



Vout= V s 



[0 0 2 1 ] 

[aSWtfsHBfcL«fc 5 L*»U ±1EH 101: 

djftSjaa^KiL^i-^irV^WttSrW-ra. mite 
Ri MS2lof$tL6J: 5 a*«BEVoutttHB*- 
f^mffiV d £^ir«/£-Cfc£o Lf^ot, Vs^Vl 
+ Vd (ff&Jft) *5«fctfV s ^V2-Vd (ffiSLtt) W 
ttHTtt, Ull 1 \Z&jfcX*7Fl- £ 0 IZS^X— y^fulB 

[0 0 2 2] *fcadfb&as, ¥4*— Ka>JK;frifi]«J£V 
d tirti/y h £*x£fc£>. m^iPi«JEVdS:#Jtb^BI: 

[0 0 2 3] (112 td^-rB8»0&tMi, ltflfER 

S h7V^^^- * • ^ y*WJ«ffiVbe£'&*& 

v^fe, hi o<oK&mi&<o*&\z.it'<m&&to\z.£z> 

[0 0 2 4] Ld>U Ell 2^«**bSffiOHIftlHlK-e 
tt, h7 y^^Q 2^ib§l#iZi*^^-<— I b2 

fc h v^v^^Q l \z$-x.binZ>'<-'xmM I bi<£>*£ 
$tf*Sft5fctf>, h7^*Q 2co-<— ^ • ^ ^ ^ ^ 
r H 1IH£Vbe2 £ h7>^^^Q 1 o^<— * • ^ ^ ^BB 
«ffiVbelW*#SiS»*t), fcf LtVbel-Vbe2 

EVbe^tB«*:+»^fT5 wtdS-CtttV^*, Vs^ 
V2 ((6it«) ^iO'Vs^Vl <7)®{S<7>S 

^ y^w*ffivbe^ffl*aett^»#36 $ a*ts„ 

[0 0 2 5] J£JI±0>J; 51-, ffSiif^^w >-e— 

[0 0 2 6] ±IE«e*W»jHSr»«:-rS^«) 
[0 0 2 7] 



10 M«i«-»«r**"*-Sfl?J«i«#***8ki:. tufSS*m«t 
5 «, *NE:M- V^y VUmt Ltli, fcfcfctf 

P L L#J»-Cfc5o 

[0 0 2 8] HfrtBBBRlElfta 5 , i&«te:<fc 

[0 0 2 9] 4: *.ri, itulEfg l 2 <om*it** & 

* lftONPNMllD PNPM 

[0 0 3 0] MCJB l*>lsllg*3 J: tf/Sfctejg 

[0031] #«03-ett\ HStBtb^d 5 *-*"*!^®^ > 

v^r Pi*«aEai (mm oit«tt^fflo 

[0032] ati^<f^*^t: 0 -^fS^^^-r^fc 

tt5isSi^BM^««nt I=E/(r 

+ z) <oB8«* s ^^i'So «ko-c, > 

Z ^jfiSa^ft bfc t # t-. K7 -< ^fS-^eoSfi E HfflE 

50 (D&Jim^r «:-3li:t5:t^lBt45. 



■ I •! 

• t 

" " " " (5) 
T 

Z<Dtzib, AGCiail«:*ffli-6-&***<*9* PL 
[0 0 3 3 ] fcS^f*, MEHfcEUM*, 
«b4x5i&fttcta^-r^«lES:#x.SSB 1 *5J:t«B2 0)£ 
SttttEM 4: Bl C«EE £^ x. 6 * 1 S3 J: tMB 2 oM»lS /0 
t^^Sf* bv\ 

[0 0 3 4] ClCDi§£\ ftuEfg 1 ^MW3»*S^^ — 

Artftfctt, JBl(Z>*WmffiK*«K*^ Art 

rtSBUite, »2<Z)SSIi«JE«as*«S-ft, ffii;fr<OArt« 
[:»Eft«-fe & tf> Art«*#ME#ffi#»*^ b 

[0 0 3 5] tt1S!Rl«>««lJ««»i3«tt/l((2 

[0 0 3 6 ] JiE«*-ett, l«i:iot«*o*45 
4 5«BE SrirfciJ: 19 , 

[0 0 3 7] 

[ 0 0 3 8] H 1 MM^t^ n*=i — :/KL*3t+S« 

[0 0 3 9] 13 1 C^tSftiv^t d ^ ^-/ttt, 
^ y t D ^J^ait^tyt tt^SIW 1 ^ > 
Mtb^ 1 *3f 3&<D»ibH b 4 6 K 9 >T ^ft* S D 
T'S®j|^ib^-tir5/c^coi^»3SiJI?95 1 0, gft^i^fe 

[0 0 4 0] ffjffiStt^ 1 te> OTx.fiJEm^^Stb^X 
(iitti^li^-^^t^^ ft^ (z) jjfalcm 

(y KM) coffirt^fi, (Z^^l) l-JEt^S 

A*««ad«-tixJen**S*L-C*5l3, ftH* (Y2«) 

E SD a* K7>T^#»1 7 J: 9 bix5 

Mbiip#afc-s*rti (x*isi) 
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c, S d ^wJie^ V OrV S^bTta^^tu 

[0041] ±E««bfH»tt 1 0 1? mm^F 1 
ft^ai 2 t, ffitg^ai^i 3. p-^*?^* (b 

PF) 14, VCO (mffi»J»»t6») 15, #JB»1 
BH^^SPLL (phase locked loop) t K7^^ 

l 7KJ: 9Kft<*ix5o 
[0 0 4 2] «EK7'f^S!l 7 «*!■?• 1 I-JES 

|»|EU*flr*Sc4:Sd4:OlB^ttia«k:J:0*i: 

[0 0 4 3] WE— 1 2 T?B\ HS»^ 1 ^tH^ 
ft# GEffiSifcHrt) Sc, SdM£^^r>3^K 

[0 0 4 4] 1 3 "Ctt, lffiE-fi£«-^D 

c, DdkVCOl 5*^ia**ia5**«*VkSr» 
H« 1 6 Lfc#H«*V r £ a***t,«ixffittJt« 

tttasis:/^^*«5!i«*t brtn*i-a. we 
/s/u^^cD^it bp f 1 4{c^-xm.mt m& 
tmm%Lf&ft<nmm) s*u vcoastE^ttvc 

Ol5<7)lM^ (H**"f) VCOl 
5tt, -5£<£>e3feja»»*:«*>. WtEVCO»J»«EE*s 

4-^.b^5<h, (KrEvcoM«p«ffi^i6i:fe»«»** 

ntcj:^, ^t&T-i^^A^ff-^-cfc^ K^-r^f-^s 
c t s dotttt*fc«s-r6*m*^+*) ^5'^ 

[0 0 4 5] «TE»«*1 6fi> VCOl 5<D3£8IJim 
^c^rStt^ l oB»JB*»*-C»JB bfc»Hft*V r 
*fc«EK9-f^*J»l 7ICf±, 

[0 0 4 6] «iE»ffl»i 6d»bU*Sixfc»««*v 

1, D2, D3, D4, D5*3,fctfD6 ft 
4f*r*rti-S. ^bT, ±3««)J:5^jEtt«***ai 
7B^ iEMflfDl, D2, D3, D4, D5jo 
J:^D6^S^^riE^m^ft#«r^b, buE<b^- 

«Mi»*»EjESHKU*«»«:*t«i"6- 
50 l^lS:»tttSK9>fyfi*SD^S^5c 



[0 0 4 7] fc*3, fTlBjEKRlB^eS: HBIt =» V 

nmmmmmmt^D i , D2, d3, d4, d5£> 

[0 0 4 8] fi»* l<&ia#K:tt, 

[0 0 4 9] «HB««4*ffl«WW«EV z tt, MifcdlB 

[0 0 5 0] I var<0ffl*T?fc3£»«* 

tt, WEK9-f^*«l 7 0rt(03EK*t**il!l 7 B 
*fR«MlP«#D 1 , D2, D3, D4, D 

[0 0 5 1 ] :iT% fiftS^-Y^ n tfcffl 

[0052] tit, -(DZD^Mmf-zmm-tztcfr 

[0 0 5 3] H2fi^^t-^^ ; 5^1^ > SI^^^^ 
■TEI»«J*BL H3ttH2^*-rBBftlHlB<OAa**tt 

[0 0 5 4] m 2 Jc^-f |g 1 COM^K 3 0 £fc:JS 
1 (D\B\&3 I & XTim 2 (D\E}& 3 2 £ a>b«/&£*bTV> 

So 

[0 0 5 5] 11(00^3 Ul^uyb^7-lH3^Kl 
^^fiSc-TS h7>"^^T r 2:fccfcU ? h7>'^**T r 

1 (D&JdM^&rt hth, ilMt«t5PN 
P^<7} h 7 y^^^T r 4 , ^ Xrj h 7^i/*?T r 1 
(D^* 7^^^^^®SR 3, S&fcttfltlBh 
7 y i?^ ^ Tr 4 ^"-^•^^S 1 * * 

V 1 tC«fc »P»j££*LTV>So 
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[0 0 5 6] fifi,*, fg2(D[USg3 2tt* ^ h 51 ^— tMl 
SSK2^«^5 h7^^T r 6*5£tf 
*T r 7 fc, fiuf5# U> h S 2 0>A*fll£K 

tt^tltPNPl^) h7>^^T r 5, fiftlE* h 
^7-I«]BK2^tt}^fflJt-Ktt^n, ffi»*ffirSr»«:-t* 
6NPNS(Oh7>^^^Tr8, h^v^* 

HUlE h7y^^^Tr80^-^^}cW^tL§£* 

0 [0 0 5 7] tit, 11 (D\e}&3 1 cOlgfeiR 3 t%2 

<d®&3 2<o«StR 2 fcjWMKSix, pi 

fc, jgfeiR 1 ^tt^^t 3 3(7)AMf V s ^ 
**.bix5J:5^4o"rv^5 0 6JLT, B8SISB 3 0 0>Ib 

[0 0 5 8] 4*5, ±EH*iaK3 0"Ctt, »fPO-« 
4rLTm«WEVcc=5[v]. ttt^I$eff^Vl 
= 2[v]. V2 = 3[v]^K^^ixTV>S4>Oi:b-Cltt 

[0059] ( 1 ) V s £ V 1 «J£?&B#) 

JEVl = 2[v]*sPpa**t-CSfc«), F5^* Tr 
4 Ox > 7 ^^lEfc it/ b 7 > ^ T r 1*V< 

. 31* y ^|B«JEVbe4«ltaiV^«tt(cR£*^"CV^ 
£ 0 £fc h7>^n r 1 (7)x^; .^s^^iEJt 
ffllSh^^^^^T r lO^-^llEE^ fc h?^* 
*Tr 1^-^ ■ :E*y*DB*ffiVbel*tt«V*«fc 

[0 0 6 0] *v s ((S?a^tasi-sa 

nJ: 5 bi-Ztiib. iJU^Y^ 7— IhJE&k l oA^W- 
I^^o^mSfci tit, Ji^hS^-IH 

(DHi*«^fc«ia«««Ei 1 i: pi u*s i 2 

# h7>^^T r 3 *5j;tf h7 Vv^^T r 4 KlBEiX 
5 (11=12). IWE 11=1 2<0B8«J:<K 
^ ^^T r 4©^t«I b 4 i H5^^T r 5 

(I b 1 = I b 4) o r^fc^, h9^?T r 4 CO 
. 31* y *SjmffiVbe4 t ^7>"^n r 1 (7) 

. a, c . y ^ramjEvbei £*i<Kj£-r a 

(Vbel=Vbe4) 0 i"ftt>%, h7^^T 
r 4^-^ • y*H«JEVbe4 S: ^7^^T 
r . 3i* y^B^ffiVbel-Cffia-TS-^* 5 

i^-7-(7)mffim)i^ h ^ ^ ^ T r 4 (n^-XMlZ^- 

50 gc^^r^w ^d«^J1IBfc*5o 
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[0 0 6 1 ] ^fcafl^KLfcS^Uifci^Tfc, MIS h 

7>*J*9 T r 4<D<<— ^Hflfc I b 4 t h 7 lsi/*9T 

r i (D^-^mtft i b i<oaE<b*«:wa«i:'r5r ^a* 

X$Z>tz£>, Vbe4 = Vbel ^t§C i^tf 5 a 
k&X%Z>tctb. h^^^^T r 1 £>3L* >>^m 

[0062] ^(DtZ, ^OBB*0B<OUl*«*Vout 
[0 0 6 3 ] 

MR 7 1 

V s 1 <0££, 

Vout=R 1/ (R1+R3) X (Vl-Vi) +Vs 
[0 0 6 4] WtLH. R 1 = R 3, V s = 1 [v], VI 
= 2[v]<Z>»fi\ BB«HK<0*JEai*ttVout= 1 . 5 

[0 0 6 5] 4^6, -<D^£!?!2<D0^<im4h^>^ 
r 5^0FFftl, -f-ft;b*>^>r • >f >t:°— ^> 

[0066] (2) V s ^ V 2 (SSNF) <£>4^& 

r 5fiPNPS© h7>^K*fc^3 , Y7^^ 
^Hr 8ttNPNS«)h7^?tfc5, 

[0 0 6 7] SufS F7^Hr8 (D^—Xffitt 
fit, «^S2pl;JEV2 = 3[v]^^n^ttTSfc^, b 
7y^^Tr 8{iONttil;fo^ 0 <toT. h^Vv 5 
r 8(D^ y^«S^-0«m*5cJ:r/ h7^^T 
r 5 <7V<— ^«8^-<0«fl£fi, h^Vv^^T r 8 (D-<— 
^flffijiflk, t hlZ b s 7>i?*9T r 8(^<- * • ^ 
* y ^IB*flEVbe8^flt(B:V^«ffi^|9:3eSn"CV^ 0 * 

5(D^^ • y ^SffiVbe 5 tflttiSV ^ttfclRft 

ms. (3[v]) \cwti££tix^z>o 

[0 0 6 8] ^^T\ ^I-feyt3 3^6AMfVs 
(Vs^V2) &Wto£tiZb. JftttRi. SfetR2?r 

<^m«I 3«ti^ 0 ioT, ^l/yf> 7-0S&K2 
<Dffi^«J«-tHuE^«8fE I 3 £f^C*£ I 4 

i5h7^nr 8*5«fct^h^^v ? ^^T r 7 Sr^fr b 
TSMxS (13=14) o ^tt, 13=1 4«i 
0 , h 7 sis* 9 T r 8 <D-<— *^ISt I b 8 t V 7 
7>9T r 5<ZV<-;*«8K I b 5 ££*L< 51-82 
££tl6(Ib8=Ib5) Q Z(Otlisb, h7>^^9 
T r 5 0-<-^ • ->^Pfl«IEVbe5 £ h7 >i?*9 
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T r 8(D-<-X ■ ^ 5/^BB«/EVbe8S:^L<K^-t" 

arirasfTffitfcs (vbe5=vbe8) □ -t-ftfc>*>, P 

NP*g(7) h^^i^^^T r 5 0^-^ • ^ y 9 FflUJE 
Vbe5!rNPNiW h^Vv^^T r 8 <D-<— * • ^ 
y * IHttfiE Vbe 8 XftSrT 6 w t &X t 6 £ 0 4 5 
#> v h7^^T r 5©x* y^BT-OSffSr h7> 

So 

[0 0 6 9] *^a«aEttufc»-&^v>-c4>, Wish 

/0 7i^**T r 8<7)-<-^m^ I b8£ F7>^H 
r 5 <D^< — ;*1I?5fE I b S^ttlSrigSitSri^ 
T#£fc#>, Vbe8 =Vbe5frKIM*i - ac:4:* s " , C#So 

[0 0 7 0] - (OM^CtEl^^tH^^f^-Vout 

[ 0 0 7 1 ] 

^ [ft 8] 

V s ^ V 2 W£ , 

Vout=R2/ (RI+R2) X (V.-V2) +V2 
[0 0 7 2] «*.f4, R1=R2> V s =4 [v], V2 
= 3 [v](0»*. H»IH»<D«JEm*ttVout= 3. 5 
[v]t*»9, H3Ttt^9 7±«>^j3 l"C*Six6o 
[0 0 7 31 **5. Z<0*&imtlSl<DEM3 iMXte 
V 7^^*9 7 v 1 ^OFF«, 1-ft*>*>^>f * > 

J6> [0074] (3)Vl<Vs<V2 (l 3 ^^) 

mi^ms ioF7^nr 1*5 

J:U ? ^2C0[H]gig3 2^F7>^^Hr 5^0F FtKfi 

A*fS#V s36SB8*lH]tt<75m**EVoutfc LT-t 
^^^ai^^tV^) (Vout = Vs) 0 
[ 0 0 7 5 ] ±EH*iB^ti. S^mEE V 1-V2B 
A^ff-^-^^^^^. tftbt)Vout = Vs tL 
Tm**-&5ri36S"e*S. ifclMffVl, V2?r 
KS-rs-t^iO. Vs^V2ioJ:OTs^V2Wl 

[0 0 7 6] LHVs^vl (iSiS.«) *sJ:t>*Vs^ 
V2 (ffi^Sc) ot6H*ettiR7*5«ta ? *8^^*tts, 
StfCRl, R2*5J;t) t R3©lfcl:io-Cll|o«#fc« 

[0 0 7 7] ^fc, h7^^^^"^ • ^ - ^ ^ W 
*EEVbe«:+»^«»-*-Sii:35S-e#«fc*. t^5t€^^ 

50 rtZ>Zttfti:i<\ 



13 

[0078] z<D£?\z, iHwai8 3 o^«t 9, mm* 

ra>BMfclElB3 ofcj£Cfc««£rt/8»JW 

[0 0 7 9] H4tt**W^*3ft5JR2<OBB«lHilS4 0 
Sr*i"lHlK*filcH, H5ttH4^*i-BB»®B«?Affl* 

[0 0 8 0] B 4 iC^-rm 2 CD^^tHlSS 40lt HI 2 d 

4to*>, ffi l^[HlS&3 1 iP3i<7)S3«4 » 

2 <d\b\%& 3 2t mm<Dm 4 ^sss 4 2 sr-ttu-engasc l 

fcfc<D^*5. fcSU JS3, JM^EI»4 1, 4 2(7) 

i, 3 2<Dmmm,&Mv 1 , v 2 5 *je 

T*fc*K WA.tfV3 = 1 [v]. V4 = 4 [vlfcRJtSft 

[0081] £fc, R 2/ (R1+R2) *5j:tfR 1/ 
(R1+R3) tt, BfXEo«tt»«ifci:4«J:5^Kffi 

[0 0 8 2 ] ISH^tJ; 5fc, r<D[ll$C[H]&4 Of 
tt\ V s = V1 = 2 [v]*5j:t*V s =V 2= 3 [v](0$ 
fb£a 1,01 EWMC % -ttt^EfixV s = V 3 = 1 [ v] *3 
J;I/Vs=V4 = 4[v]H|fc£ a / KXXfB' £rt£/£ 

[0 0 8 3 ] Z.~<n£ o ^ Hi fc^LfcM#0iS«:1MS 
fc-e, J:9*l»orttt>f ^fcN- (B8) fciSM-r 

[0 0 8 4] iot, mm^rxhu-i 

r 5. ttt, HuEBB»0tt4 OKiELK-fe 

y 1 3 3 AAft^ v s 5 I i: l;: «t ^ Sib 

sd^iii (mm*) ^^jajS^fkt-^i^-cpiS^tLS 

(fc°— ^ffi) ^-^^ ^5 J: 9 Cit^ l ^Iit5 1 
[0 0 8 5] LHAGCS:ffiffl«:H5^^*, 
[0 0 8 6] H6tt#«Wlw*5tt*SB3©MftS»fc* 
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1-|HlMMtB-C*>S. ^3<dB8^:Ih]S&5 o«\ B4*># 

2<Z>B8$C[hIB4 0<D$£l~~ ^460leIK3 1, 32, 4 

i, 4 2<d#tj i/y h ^ 9— ElS^-tixWSSiR i 

1, R 1 2, R 1 3, R 1 4, R 1 5. R 1 6. R17 
*3j;tfR 1 8 *f+JPLfct^-t?fcSo 

[0 0 8 7] rGQj; ? fc, h ^ "7— m$&<D&* 

(D zz- K|i]— ffioffigtSrff Ai" £ £ , h 9 V v?* * 

[0 0 8 8] h7y^^^§ £^®ijL<£>*:£ 

* * <£) f £ P> O # (7) / J > $ V * X S £ IS fel (50 f J h O # CO / J n $ ^ 

[0 0 8 9] L*>U ffigt^tf Pjo^O/hSv^XSSrffi 

[0 0 9 0] H7tt*5SW^*3W5lB4 0BB«iaB*:* 

[0 0 9 1 ] 87 4 (^BBSclElB 6 0 f*. 

lOlMWlDAl, JB2W««li««»DA2i3j:t5 
il*5«fct;i2©*uyh^7-il8Kl 1, K12i 

[0 0 9 2]f l^iBStlSDAlU 2^PNP 
I^^y^Hr 11, Tr 12Wxvy^»^ 

> V * =7— Ih]^ (F7^nrl3, T r 1 4) O 
A*Wttii*ttS:»«SLfe«dt-e*>6o 
30 X?Tr 1 1 CO^<— ^JBT-JdHSttR 3^)gc^tt, {til 
h7^nr 1 2 (7)-<— ^ilg^lCfiK*1t/EjlS 
VI (fl*J;U;f 2 [v]) ^Si^Tt^o 
[0 0 9 3 ] m*^JB2<086»*«B»DA2tt. 2 
N P N^O h ^ yv?^ ^Trl5, Tr 16 ^ y 9 

^77 U> h ^ V-^m (F7^nrl7, Trl 
8) *5»«**tfc«*t?*>0, -*«F7^^Tr 

1 s^-^as^^ttiaeLR 2#»tts*L, t&35<Dy^ 

>>i/X?Tr 1 6W<-X«^^««i|l«ffiaBV2 (« 
^ *.tf3[v]) *s««*ix-Cv^o 

[0 0 9 4] fiufSfg 1 h ^ 7-@BK 1 1 

A*Wd J N P NS<0 h 7 >"^^ ^ T r 2 1 «t I!) , 
WdS 2-ir^N PNlW h7V^^T r 2 2^3 e t'0 : T r 

2 3iaoTM$nt^6 fl flfJfBA^ffiH^ h7^ 

r 2 1 <7)^ U^ 7 ^aS^fix ^fciR^7>UTmaiVcc 

(O^u^^^T-fl ftjf£m2(7D^iftlt*I^DA2^ 
^v^X^TrlS, Trl 6 <D=t- X y ^iS^F-^Sflfc* 

56> OM®]li*I^D A 2 Jiff i (nt> u> h ^ 7— IhISSH 1 1 



•I 



[0 0 9 5 ] HTfiaSB 205^7 h ^ 7—\El&K i 2 a, 
PNPm<D h7V^^T r 2 4 £T r 2 5tM^tL 
T*30, h7^^^T r 2 4 ^SfjfSjg 1 

SfctttfjfflStfcfi h^^i/^^T r25«nl/^ *$g^. 

B*i*t5h?^^Tr 1 7, Trl803i/^ 

»it*B«RDA 1 teS5 2CD# Uyh; 1 2 70 

[0 0 9 6 ] gjfElBl ^StblfWttDA 1 t!2 0il 
tg*I35D A2 £fl, SfitR 3*5j:r^R2Sr^UTattS . 

Mm ^=rV s as, fflfSffifitR 1 Lt^ 1 c^Mftifffiffl 
DA 1 hm2(Dm$)m%% 1 DA2\Z.^7LbfrZ) J; 9 
oTV^ e tt*5, mCttiRAP 2 a*, »4<DBB*C[§]&6 

ocom^ST-ouT t SJXTV^. 

[0 0 9 7 ] J^T, m4(OM^HIS§6 0<D»flSK:oV*T *0 
Vout=R \ / (R1+R3) 

[oioi] cv s i mm.m<ok #) 12^1 

iififfiD A 2ftiJ-Cfi, h7>^^^T rl5i:Trl6 

ff-^-V s =0<Z)^# hy ^i/X nrl5 fc^— 

5iTr 16tt»fflt*3P)f, h?y^^Trl6 
(ION ttJB^ftoTV^S. 

[0 10 2] w<OJR«^6(ttEA*«*Vs<0«ffi*± *0 
#U V 2WtS^gx.?)^ h7>^^Tr 1 5CD>< 

Vout=R2/ (R1 + R2) 
[0105] (VKVs<V2(7)^) Z<7)iirg^ 
tt, 35 1 CO^®}tfi}iI^D A 1 CD h7>^H r 1 lio 
ttff^OgftifililSBDA 2 CD h7V^^T r 1 5^ 
OF F#Cf§*Ct£££;fU t • -f >t'-^y^« 

mtteztztb. vout=v s , -r&t^A^Kt #v s a* 

[0 10 6] *fc±IBSS4<0BB»[§]fc6 0(O^2co^ift 
tf i|S«$D A 2 T'fi, A^m^-V s *S 0 [ v ] <D t # , h7 
y^^T r l6(Ox; > * «JEf±K*«ffi V 2 J: 9 h 
b7>-i/*?T r 1 6 CO-<— ^ • x; y?fflMJ£Vbel6 

[0107] h7^^Trl500FF« 
ffite, A^fS#V s ^tfi^J:#l, HflfE h 7 
Tr 1 5Wx^ y^«EMfi^iS<5<*-CA5tt<^ h 
^v^^T r 1 5<Ds<— ^ttS(t36S«ttb*iCa65 dr. * 
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(Vs^VKMW^it) SB i o^ftift&SFBDA l 
ffiJ-Ctt, F?^>Tr HfcTrl2t*iiry 
^«T«ricU-Ci3 9, fl«'fe^f3 3©AA**Vs^ 
M^Vs=Vss («ag«ffi) ©iri^fth^^^* 
Tr 1 1 tc<— ^«8IEW:at*tftv^ 0 ^<Dtczb, ^W)T> 
•7<D h7^^T r 1 1 iStftfELTiS^-f, h7>^ 

[0 0 9 8] r^ie^bfltriaA^W^-v s a>«ffiasT 

^Hffi^. h^v^^T r 1 2<7}^<— 
[0 0 9 9] ::t\ F^^nrll CD-<— 

«tt»a:R 1 1 R 3 -caw h7>^nni 
itffv2) astsff*L< tto^««t?SSi"S, -fft 

fr-fb, h^Vv^^T r 1 1 cD-<— ^mEE^r, SilU 

[h]3§6 0cota^Vout$r^^T^i-C frds-e*5. 
[0100] 
[gfc9] 

X (V 2 - V s ) 4-Vs 

[0 10 3] h7^^T r 1 5cD-<— 

^H^feiR liR 2 t?«*ij£;»x, ^7>^n r 1 5 
CD^<— *m>f£t \>7>-^*?T r 1 6CD^<— *mBE (S 
2H®J£V2) dMitf#U<fto*:tt«t?SeSi-*o "I* ft 
fr"h, b9>&X*T r 1 5CO^<— J*mBE£r. g^Sffi 
V 2 tC— S^fSC fc3&S-C#5. ^<Dtztb, W,A<DmWi 

0^6 o cotB^j vout^^c^T^-fc t ^-e#s 0 

[0104] 
[ftl 0] 

X (V s - V 2 ) + V2 

[0 10 8] F7^Hr 15^0Nlli 

h7>-^^T r 1 6 (D-< — ^mf±^ *) 
tffi:^«EEt/<CSo wlxtt, h7^nrl6i«* 
^iittflg^^MLT, h7^^T r 1 5^0FFft 
mX'fo*) % h^Vi/^^T r 1 6CO-<— ^ ■ y ^RB 
m/£Vbel6J: <9 t h^^v^^^T r 1 5 (D^<-^ • 
s/^ffl«l£Vbel5d5/hSV^c«)"C*>So 

[0109] tit, F?^^Trl5W5y# 
»iSR*s«EixJ6«>Sfc. h9^#Trl5©x$jx^ 

i^^-T^o tot, ^^^^ s/*®8fc<oj^lc«fc "9 , h 

yy-^^T r 1 6 cO-<— ^ • ^ ^/^^SffiVbel6^ 
/J>S < , h^^i/^^T r 1 6<D3L* y ^efitdSS 

[0110] ::t\ F7^^Tr 15^V7^ 
i^sT-dr h =7l^i>^ & T r 1 6 cD^i ^ ? ffi^F b 
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±.W£l£htlZ> 0 Z<Dtz£>. hy >i?*?T r 1 5 cD^ 

r 1 5(Dx; ^/^mfficO±#^. h7>i?X?T r 1 5 
(^x ^ F7^^^T r 1 6 CDni * y^MM 

[0111] ^ntCct h7y^^T r 1 5cO-<— 

^nrl6 <7)-<— *m&£ k3^f{&l^J£/^b» /<? 

ft-fZo J:ot, Z<Dm4<Dm$k\E\&6 OTIt 08^ 

[0 112] fc:fe\ ±KO»r5Sf^ffl*i, fgitf>Mfbii*S 

»i8*iifBD a i texxfm 2 (Dmmmmnv a 2 £_lie0 

4Ip]« Jc«ftflJfi*'&*>*5w t-ct 9 , ct^H^O^l 20 
[0113] 

[Ell] tlfbM^W n^=i — ^*3tt6SttT-<olKtt 

[HI 2] **Wtcfctt5* 1 OB8»[HllB*r^"fIi]SS«fiS: 
H. 

[El 3] H2tc*-i-BB*[HlK<z>AtH*»ttia, 
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[04] *»Wfc«»t6JB2<oBB*iaiS*:*ria»«l* 

m> 

[B5] 0 4{Cl^lli^!H]^Affi^#tt0. 

[16] **Wm*3«tSJK3<z>BB*lHlKSr*+iaK*fiK 
i, 

[0 7] *»Wlc*3«tS*4©BB«klHlBSr*i-|aK«* 
0, 

[0 8] H7^*-rBB*iailwAtH*»tt^lt*:BI. 
[0 9] HS^Bj^^^S^^i-S^^t 0 -^^^^^ 

[0io] ftte<Dm&m&<Dmj&&^&&mi&m, 

[011] 0 1 OK*i1§l»<0AW**M*BL 
[0 12] ^*^ftil^S8^0B^«^c^^-t"lHlB«^ 
0. 

[0 13] 0 1 2fc*-rMftE*<BAUa«H*BL 
[W#oKWl 

i smsiijT- 

1 o 

1 7 K7>f 

1 7 A »j«<s#±dc#a 
1 7 b iEK«***a 
3 3 tastvt 

3 0 mi<OBBSlH]& 

4 0 ^2(7)^^113^ 

5 0 ^3(7)H^[HlgS 

6 0 fg4^H^C[I]&g 

Kl, K2, Kll, K12 id \s> V % y~ tMJ^S 

dai wzi<Dmw)mm& 

DA 2 fg2<£>i£»jifi|>§a$ 

Tr h7>^^ 

Rl, R 2 , R 3 Sfit (#J±^J£) 

VI f| 1 (7)*2plEffiiK 

v2 sB2<^ssp*ffiaa 

Vs ^JK-tr^l^ib^A^ff # 
Vbe K-^.x^y^ffltE 
Vout tti^Hldb 
I b ^*St 
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Vout [v] 
5.00 



4,00 



aoo 



200 



LOO 



aoo 




M-fe>-th6^CDA^m^ Vs [v] 



1 3] 



Vcc Voc Voc 
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